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DRY ETCHING APPARATUS, DRY ETCHING METHOD, AND 
CLEANING METHOD ADOPTED IN DRY ETCHING APPARATUS 

This application is based on application Nos . 2002-249671 
5 and 2002-311820 filed in Japan, the content of which is 
incorporated hereinto by reference. 
BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

The invention relates to a dry etching apparatus, a dry 

10 etching method, and a cleaning method adopted in the dry etching 
apparatus, and more particularly to a dry etching apparatus, 
a dry etching method, and a cleaning method adopted in the dry 
etching apparatus suitable for use in texturing the surface of 
a silicon substrate used in a solar cell or the like. 

15 DESCRIPTION OF THE RELATED ART 

A solar cell is an element that converts incident light 
energy into electrical energy. The solar cell is classified 
into crystal-based, amorphous-based, and compound-based solar 
cells depending on materials used. Among others, crystalline 

20 silicon solar cells account for a large percentage of the solar 
cells currently available on the market. The crystalline 
silicon solar cell is further classified into a 
single- crystal line silicon type and a multi -crystal line silicon 
type. A silicon solar cell of a single-crystal type has an 

25 advantage that efficiency can be readily improved due to the 



substrate of high quality, but has a drawback that the 
manufacturing cost of the substrate is high. On the contrary, 
a multi-crystalline silicon solar cell has a drawback that 
efficiency cannot be readily improved due to the substrate of 
inferior quality, but has an advantage that the manufacturing 
cost is low. In addition, improvement in quality of the 
multi-crystalline silicon substrate and advancement in the cell 
fabrication technique in recent years made it possible to achieve 
conversion efficiency of approximately 1 8 % in the research level . 

On the other hand, while multi-crystalline silicon solar 
cells have been available on the market because they can be 
manufactured at a low cost through mass-production, the demand 
is now on the increase due to growing concern about environmental 
issues in recent years, and there is a need to achieve higher 
conversion efficiency at a low cost. 

There have been made many attempts regarding solar cells 
to improve conversion efficiency to electrical energy. One of 
such attempts relates to a technique to reduce reflection of 
light incident on the substrate, by which conversion efficiency 
to electrical energy can be improved by reducing reflection of 
light on the surface. 

In a case where a solar cell is fabricated from a silicon 
substrate, reflection can be reduced to some extent by etching 
the surface of the substrate with alkaline aqueous solution, 
such as sodium hydroxide, to form fine textures (concavities 



and convexities) on the surface of the substrate. In a case 
where a single-crystalline silicon substrate having a 
(100) -plane orientation, a group of myriads of pyramids called 
a texture structure can be formed on the surface of the substrate 
by the method described above. 

Etching with the use of alkaline aqueous solution, however, 
depends on the plane orientation of crystals, and for this reason, 
inacasewherea solar cell is fabricated fromamulti-crystalline 
silicon substrate, a group of pyramids cannot be formed 
homogeneously, which raises a problem that overall reflectance 
cannot be reduced effectively. When the textures cannot be 
formed homogeneously, incident light cannot be taken into the 
solar cell effectively, and the solar cell has little hope of 
improving photoelectrical conversion efficiency. 

In order to eliminate such a problem, there has been 
proposed an idea of texturing the surface by forming fine textures 
through the reactive ion etching method when a solar cell element 
is fabricated from multi-crystalline silicon (see Japanese 
Laid-Open Patent Application No. 102625/1997, etc.). In other 
words, this idea is to reduce reflectance of a solar cell using 
multi-crystalline silicon more effectively by forming fine 
texture homogeneously on multi-crystalline silicon regardless 
of anomalous plane orientations of the crystals. 

A substrate processing apparatus used in the reactive ion 
etching method is generally of a parallel plate counter-electrode 



type, wherein an RF voltage plate is provided on the side where 
the substrate is placed and the electrode on the other side and 
the internal sidewall are connected to ground. The interior 
of the chamber is evacuated, then the substrate is added by the 
RF voltage and is subjected to plasma etching while a constant 
pressure is maintained by introducing an etching gas, and a 
pressure in the interior of the chamber is restored to atmospheric 
pressure after the etching is completed. 

Because of the procedure described above, waiting times 
for evacuation and leaking to atmospheric pressure are long in 
a reactive ion etching apparatus. Moreover, the area of the 
solar cell itself is large. Hence, there is a problem that the 
manufacturing cost of a solar cell is increased because only 
a small number of substrates can be processed at a time. 

Accordingly, in the case of using a reactive ion etching 
apparatus in the fabrication sequence of a solar cell, a way 
in which the number of substrates to be processed at a time is 
increased at high tact while ensuring homogeneity of textures 
formed the surface of the substrate, or a way in which the area 
of a substrate to be processed is increased is crucial. 

The invention was devised in viewof the foregoing problems 
in the related art, and has an object to provide a dry etching 
apparatus and a dry etching method, making it possible to form 
textures efficiently and homogeneously on the surface of a 
substrate, for example, a silicon substrate used in a solar cell . 



The invention has another object to provide a dry etching 
apparatus, a dry etching method, and a cleaning method adopted 
in the dry etching apparatus, making it easier to clean a plate 
covering the surface of a substrate during etching. 
BRIEF SUMMARY OF THE INVENTION 

Basically, components of a substrate evaporate when the 
substrate is etched, part of which, however, does not evaporate 
completely and molecules bond to one another, thereby being left 
as residues on the surface of the substrate. In the invention, 
when the surface of the substrate is textured through the dry 
etching method, the surface is textured by accelerating a rate 
at which residues, composed of components of the etched substrate, 
re-attach to the surface of the substrate, so that textures are 
formed on the surface of the substrate by using the residues 
as a micro-mask for etching. 

A dry etching apparatus of the invention includes: a 
chamber; an RF electrode provided inside the chamber; and a plate 
provided in parallel or nearly parallel with the RF electrode 
to cover a substrate to be etched, placed on the RF electrode 
directly or through a tray, wherein the plate is provided with 
a planar or nearly planar obstacle that partly inhibits a part 
of gas and plasma from passing through the plate. 

A dry etching method of the invention for forming a texture 
surface of the substrate through etching comprises placing a 
substrate to be etched on an RF electrode provided inside a chamber, 
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directly or through a tray, and covering the substrate to be 
etched with a plate, wherein the plate is provided with a planar 
or nearly planar obstacle that inhibits a part of gas and plasma 
from passing through the plate. 

As has been described, according to the inventions, dry 
etching is performed by covering above the substrate to be etched 
with the plate provided with a planar or nearly planar obstacle 
that inhibits a part of gas and plasma from passing through the 
plate. It is thus possible to achieve conditions under which 
etching residues attach to the surface of the substrate faster 
by trapping the etching residues in a space between the surface 
of the substrate and the plate . Because etching can be performed 
while allowing the etching residues to attach to the surface 
of the substrate, a texture can be formed on the surface of the 
substrate at markedly high efficiency in comparison with the 
conventional case. At the same time, the homogeneity of the 
textures in a batch is improved, which makes it possible to 
increase the number of substrates to be processed at a time. 
It is thus possible to form fine textures on the surface of a 
substrate, or namely a textured surface, needed in a high 
efficient solar cell or the like, at high tact and at a lower 
cost . 

When etching is performed by covering a substrate to be 
etched with a plate provided with a number of opening portions, 
the etching residues attach to the surface of the substrate to 



be etched, and at the same time, the etching residues attach 
to the plate covering the substrate, on the surface opposing 
the substrate. While etching is performed repetitively, a 
quantity of residues attaching to the plate is increased to the 
extent that the residues start to fall on the substrate in the 
form of powder particles. The particles thus dropped form an 
etching mask, and' the masked portion is left intact without being 
etched, which raises a problem that the homogeneity of the 
textures cannot be ensured. 

In order to avoid such a problem, the plate needs to be 
cleaned periodically. The etching residues can be readily 
cleaned through a wet etching method using a solution of acids 
or alkali. However, when the apparatus is upsized to increase 
the number of substrates to be processed at a time, the plate 
is upsized correspondingly, and a cleaning bath as large as the 
dry etching apparatus is required. Also, the need to handle 
dangerous cleaning liquid raises a problem. 

A dry etching apparatus of the invention therefore 
includes: a chamber; an RF electrode provided inside the chamber; 
andaplateprovidedwith anumber of opening portions andprovided 
in parallel or nearly parallel with the RF electrode to cover 
a substrate to be etched, placed on the RF electrode directly 
or through a tray, wherein the plate is structured in such a 
manner that a surface and a back surface can be reversed. 

Also, a dry etching method of the invention comprises 



8 



placing a substrate to be etched on an RF electrode provided 
inside a chamber, directly or through a tray, and covering the 
substrate to be etched with a plate provided with a number of 
opening portions, wherein a surface of the substrate to be etched 
is textured through etching and the plate is cleaned on a surface 
side concurrently. 

Because both the surface and the back surface of the plate 
can be used as described above, it is possible to dry-clean the 
plate at the same time while surface texturing are performed 
on the substrate. Hence, the surface of a substrate can be 
textured at high tact, while it is possible to eliminate the 
need to clean theplate with chemical liquid, using a large-scaled 
cleaning bath or dangerous chemicals. 

A cleaning method of the invention adopted in a dry etching 
apparatus for cleaning a surface of a plate comprises: carrying 
out a substrate from a chamber; placing a plate provided with 
a number of opening portions inside the chamber; and introducing 
an etching gas inside the chamber. 

According to this cleaning method, because the plate is 
cleaned by activating the dry etching apparatus after the 
substrate is carried out, it is no longer necessary to dip the 
plate in a large-scaled cleaning bath with the use of dangerous 
chemical liquid, and the plate can be thus cleaned safely. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a view showing a cross-sectional structure of 



a solar cell fabricated with the use of a dry etching apparatus 
of the invention; 

Fig . 2 is a view showing a basic structure of the dry etching 
apparatus ; 

Fig. 3 is a view showing another basic structure of the 
dry etching apparatus; 

Fig. 4 is an enlarged view showing the internal structure 
of the dry etching apparatus; 

Fig. 5 shows a plan view and a cross section showing an 
example when obstacles 16 comprise parallel bar-shaped members 
16a; 

Fig. 6 shows a plan view and a cross section when the 
obstacles 16 comprise mesh members 16b; 

Fig. 7 shows a plan view and a cross section when grid-like 
members 16c are adopted as the obstacles 16; 

Fig. 8A is a cross section showing an example when the 
obstacles 16 comprise a plurality of parallel elongate sheet 
members 16d aligned with a clearance in between; 

Fig. 8B is a cross section showing an example when the 
obstacles 16 comprise a mesh woven by crossing a plurality of 
elongate sheet members 16e over and under with each other; 

Fig. 8C is a cross section showing an example when a 
plurality of elongate sheet members 16f aligned with a clearance 
in between are laminated in directions intersecting at right 
angles to be used as the obstacles; and 
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Fig. 9 is a cross section showing a structure of a dry 
etching apparatus provided with a plate 15 of the invention. 
DETAILED DESCRIPTION OF THE INVENTION 

The following description will describe embodiments of 
the invention in detail with reference to the accompanying 
drawings . 

Fig. 1 is a view showing a structure of a solar cell 
fabricated with the use of a dry etching apparatus of the 
invention . 

Referring to Fig. 1, numeral 1 denotes a silicon substrate, 
numeral 2 denotes textures formed on the silicon substrate 1, 
numeral 3 denotes an impurity diffusing layer on the 
light-reception surface side, numeral 4 denotes an impurity 
diffusing layer (BSF) on the back surface side of the silicon 
substrate 1, numeral 5 denotes a surface anti-reflection layer, 
numeral 6 denotes a surface electrode, and numeral 7 denotes 
a back surface electrode. 

The silicon substrate 1 is a single-crystalline or 
multi-crystalline silicon substrate. The substrate is either 
of a p-type or an n-type. The silicon substrate 1 is formed 
through the Czochralski method or the like in the case of 
single-crystalline silicon, and through casting process or the 
like in the case of multi-crystalline silicon. 
Multi-crystalline silicon is quite advantageous over 
single-crystalline silicon in terms of the manufacturing costs 
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because it can be mass-produced. An ingot made through the 
Czochralski method or the casting processing is sliced at a 
thickness of approximately 300 ^im, and cut into a silicon 
substrate of a size of approximately 10 cm x 10 cm or 15 cm x 
5 15 cm. 

On the surface side of the silicon substrate 1 are formed 
the impurity diffusing layer 3 in which another type impurity 
against to the substrate is diffused and the anti-reflection 
layer 5. It is preferable to form the layer (BSF) 4 in which 

10 one conduction type semiconductor impurity is diffused at a high 
concentration on the back surface side of the silicon substrate 
1. The surface electrode 6 and the back surface electrode 7 
are formed respectively on the surface side and the back surface 
side of the silicon substrate 1. The surface electrode 6 and 

15 the back surface electrode 7 are formed by sintering 

screen-printed Ag paste and by forming a solder layer on the 
top . 

The textures 2 are formed as follows. That is, a gas is 
kept introduced into an evacuated chamber to maintain a constant 

20 pressure, and plasma is generated by applying RF voltage to the 
electrode provided inside the chamber. The surface of the 
substrate is then etched by the action of resulting activated 
seeds, such as ions and radicals. This method is referred to 
as the reactive ion etching (RIE) method, and will nowbe described 

25 with reference to Fig. 2 and Fig. 3. 



Referring to Fig. 2 and Fig. 3, numeral 1 denotes a silicon 
substrate, numeral 8 denotes a massflow controller, numeral 9 
denotes an RF electrode, numeral 10 denotes a pressure controller, 
numeral 11 denotes a vacuum pump, and numeral 12 denotes an RF 
power supply. Referring to Fig. 3, in particular, numeral 23 
denotes an insulation portion that electrically isolates the 
RF electrode 9 from other outside walls. 

Plasma is generated by introducing a gas necessary for 
etching into the apparatus by the massflow controller 8 while 
supplying RF power from the RF electrode 9 to excite and activate 
ions and radicals, and the surface of the silicon substrate 1 
placed on the top portion of the RF electrode 9 is etched by 
the action of the ions and radicals. According to the apparatus 
shown in Fig. 2, the surface of a single large-area silicon 
substrate 1 is etched by providing the RF electrode 9 inside 
the apparatus . On the contrary, according to the apparatus shown 
in Fig. 3, the surfaces of a plurality of silicon substrates 
1 are etched concurrently by providing the RF electrode 9 on 
the outside wall of the apparatus. 

A method in which, of all the generated active seeds, the 
effect of etching by the action of ions is enhanced is generally 
referred to as the reactive ion etching method. The plasma 
etching method is known as a similar method. The reactive ion 
etching method and the plasma etching method are basically the 
same in the principle of generating plasma, and different merely 



in distributions of the kinds of active seeds acting on the 
substrate, and the distributions are changed depending on the 
chamber structure, the electrode structure, a generation 
frequency or the like. The invention, therefore, is effective 
not only to the reactive ion etching method, but also to the 
plasma etching method in general. 

In this invention, for example, etching is performed for 
approximately three minutes at a reaction pressure of 7 Pa and 
at plasma-generating RF power of 500 W while 20 seem of methane 
trifluoride (CHF 3 ) , 50 seem of chlorine (Cl 2 ) , 10 seem of oxygen 
(0 2 ) , 80 seem of sulfur hexafluoride (SF 6 ) and in addition to 
them 1 seem of H 2 0 are kept flown. The textures 2 are thereby 
formed on the surface of the silicon substrate 1. Basically, 
silicon evaporates when it is etched, part of which, however, 
does not evaporate completely and molecules bond to one another, 
thereby being left as residues on the surfaces of the substrate 
1. In other words, in the invention, when the surface of the 
silicon substrate 1 is textured through the reactive ion etching 
method and a similar dry etching method, a rate at which etching 
residues, chiefly composed of etched silicon, re-attach to the 
surface of the silicon substrate 1 is accelerated, so that the 
textures 2 are formed on the surface of the silicon substrate 
1 by using the residues as a micro-mask for etching. It should 
be noted that the etching residues are removed in the end. 

Also, the textures 2 can be formed in a reliable manner 



by setting a gas condition, a reaction pressure, RF power, etc. 
to comply with the conditions such that the etching residues 
of silicon will be left on the surface of the silicon substrate 
1. It should be noted, however, that an aspect ratio of the 
textures 2 needs to be optimized. Conversely, it is difficult 
to form the textures 2 under condition that the etching residues 
will not be left on the surface of the silicon substrate 1. 
<Structure 1 of Plate> 

In the invention, aplate 15 is disposed between the silicon 
substrate 1 and an anode 18 to cover the silicon substrate 1. 
By performing etching while the silicon substrate 1 is covered 
with the plate 15 in this manner, it is possible to promote the 
formation of residues on the silicon substrate 1, which in turn 
promotes the formation of the surface texture 2. 

An explanation will be given with reference to Fig. 4. 
Fig. 4 is an enlarged view of the interior of the dry etching 
apparatus. Referring to Fig. 4, numeral 1 denotes a silicon 
substrate to be etched, numeral 9 denotes an RF electrode to 
be used as a cathode, numeral 15 denotes a plate provided to 
cover the silicon substrate 1, and numeral 16 denotes obstacles 
provided in the plate 15 . Opening portions 19 are formed between 
neighboring obstacles 16. Numeral 17 denotes a sidewall used 
to hold the plate 15, numeral 18 denotes a chamber wall to be 
used as an anode, and numeral 23 denotes an insulator that 
electrically isolates the chamber wall 18 from the RF electrode 



9. 

The chamber wall 18 is grounded and thereby servers as 
the anode. A tray 24 is provided on the RF electrode 9 to be 
used as the cathode, and the silicon substrate 1 to be etched 
is placed thereon . Plasma is generated by applying an RF voltage 
from the RF electrode 9 while introducing a gas inside the chamber 

14 to excite and activate ions and radicals, and the surface 
of the silicon substrate 1 on the tray 24 provided on the RF 
electrode 9 is thereby etched. 

The plate 15 supported by the sidewall 17 is provided with 
the obstacles 16 as well as the opening portions 19. A gas and 
plasmapass through the opening port ions 19 . The opening pattern 
of the opening portions 19 is not especially limited. It should 
be noted, however, that the presence of a non-opening portion 
of a large area gives rise to unevenness in etching. 

An example of a structure of the obstacles 16 in the plate 

15 will now be explained more in detail with reference to Fig. 
5 through Fig. 7. 

Fig. 5 shows a plane view and a cross section of an example 
when the obstacles 16 comprise parallel bar-shaped members 16a. 
A plurality of bar-shaped members 16a are fit inside a square 
frame of the plate 15. Numeral 17 denotes the sidewall. The 
plate 15 is formed as a flat or nearly flat plate from the 
bar-shaped members 16a, and clearances are used as the opening 
portions 19, through which a gas and plasma are allowed to pass 



through. Opening portions may be formed by providing holes in 
the bar-shaped members 16 per se. 

Fig. 6 shows a plane view and a cross section when the 
obstacles 16 comprise mesh members 16b. The mesh members 16b 
are woven by crossing longitudinal members and lateral members 
over and under with each other. By adopting the mesh members 
16b, each opening portion 19 forms a rectangular shape . Because 
a larger number of the opening portions 19 are provided and the 
area of each opening portion 19 is reduced in comparison with 
the case of Fig. 5, it is possible to reduce the occurrence of 
unevenness in etching . Also, because a mesh structure is adopted, 
even when the individual members 16b are made thinner and a poor 
quality of material is used, overall strength can be ensured. 

Fig . 7 shows a plane view and a cross section when grid- like 
members 16c are adopted as the obstacles 16. The grid-like 
members 16c form a double-layer structure, in which a plurality 
of longitudinal members aligned in parallel are provided on a 
plurality of lateral members aligned in parallel. As is with 
Fig. 6, each opening portion 19 forms a rectangular shape, and 
because a large number of the opening portions 19 are provided, 
it is possible to reduce the occurrence of unevenness in etching. 

The obstacles 16 may comprise a combination of any of the 
forming members 16a through 16c as described above. 

The cross-sectional shapes of the respective members 
forming the obstacles 16 are not especially limited . For example, 
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the respective members forming the obstacles 16 shown in Fig. 
5 through Fig. 7 are shaped like circular columns; however, the 
respective members may have a cross section of a square column. 

Further, in a case where the respective members are reduced 
5 in thickness and made into an elongate sheet or an elongate film, 
the thickness of the obstacles 16 is reduced, and so is an overall 
thickness of the plate 15. A volume of the etching chamber 14 
can be thus reduced. Also, because the plate 15 is formed as 
a nearly flat plate, an abnormal discharge seldom occurs during 
10 etching. 

Fig. 8A, Fig. 8B, and Fig. 8C are cross sections when 
obstacles 16 comprise flat elongate members. Fig. 8A shows an 
example when the obstacles 16 comprise a plurality of parallel 
elongate sheet members 16d aligned with a clearance in between. 

15 Fig. 8B is an example when the obstacles 16 comprise a plurality 
of elongate sheet members 16e woven into a mesh. Fig. 8C shows 
an example when a plurality of elongate sheet members 16f aligned 
with a clearance in between are layered in directions 
intersecting at right angles. 

2 0 Further, when the obstacles 16 comprise thin wire members, 

obstacles 16 become easy to process and the weight can be reduced 
further . 

Materials of the plate 15 and the obstacles 16 are not 
especially limited, and metal, glass, and resin would be good 
25 examples. It should be noted, however, that of all metals, a 
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stainless-based material is not suitable when a stainless-based 
material corrodes in order to exposed to a gas used to etch silicon . 

Metal is preferable as a material of the plate 15 when 
the readiness in processing is concerned. In particular, when 
an etching area is large, it is preferable to use metal because 
glass is so brittle that it readily breaks. In this case, an 
aluminum-based material is most preferable. 

On the other hand, the plate 15 heats because it is exposed 
to plasma during etching, and the temperature of the plate 15 
rises. Hence, in a case where the plate 15 is exposed to 
high-temperature plasma, a glass-based material material that 
can withstand a high temperature is preferable. 

According to the fabrication sequence, once the surface 
texture 2 of the silicon substrate 1 is formed, the silicon 
substrate 1 is taken out in atmosphere. Hence, a material that 
can withstand a temperature difference is preferable for the 
plate 15. 

As has been described, it is necessary to select preferable 
materials depending on the etching conditions. 

It is possible to combine a plurality of materials. For 
example, in the case of the mesh members 16b of Fig. 6, the 
longitudinal members of the mesh may be formed linearly from 
a material that is not easy to process, for example, a glass-based 
material, and members made of a material that is easy to process, 
for example, an aluminum-basedmaterial or a resin-basedmaterial 
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like Teflon, are crossed over and under the longitudinal members 
in the lateral direction. In the case of the structure of Fig. 
7, the lower layer may be made of an aluminum-based member and 
the top layer may be made of a glass-based member. 
5 In a case where the obstacles 1 6 per se are made of a material 

that transmits neither a gas nor plasma, it is preferable to 
set an open area ratio of the opening portions 19 to 5 to 40%. 
When the open area ratio of the opening portions 19 is less than 
5%, a gas needed to etch silicon is not supplied sufficiently 

10 and a residue forming rate is reduced, which in turn slows down 
the formation of the surface texture 2 of the silicon substrate 
1 . Conversely, when the open area ratio of the opening portions 
19 exceeds 40%, the effect of trapping silicon compounds, 
generated and evaporating during etching, within a space between 

15 the silicon substrate 1 and the plate 15 is reduced, and so is 
the effect of promoting residue formation. 

When the obstacles 16 are made of materials that can 
transmit a gas and plasma, the opening portions 19 are not 
necessarily provided. 

20 When the silicon substrate is etched with the use of the 

dry etching apparatus described as above, it is preferable to 
perform etching while a distance of 5 mm to 30 mm is maintained 
between the plate 15 and the silicon substrate 1 . When arranged 
in this manner, there can be achieved an effect that the silicon 

25 compounds generated during etching are trapped within a space 



20 



between the silicon substrate 1 and the plate 15, which makes 
it easier for the residues, chiefly composed of silicon, to be 
formed on the silicon substrate 1 . Hence, not only the formation 
of the residues, but also the formation of the surface texture 
5 2 can be promoted at the same time. When a distance between 
the plate 15 and the silicon substrate 1 is less than 5 mm, the 
opening portions 19 in the plate 15 are transferred as a pattern 
on the surface of the silicon substrate 1 when the surface texture 
2 is formed, thereby leaving unevenness on the surface. 
10 Conversely, when a distance exceeds 30 mm, the effect of promoting 
the formation of the surface texture 2 by generating the residues 
is reduced. 

A method of maintaining a distance between the plate 15 
and the silicon substrate 1 is not especially limited. For 
15 example, as shown in Fig. 4 through Fig. 7, a simple method is 
to maintain a distance by providing the sidewall 17 to the plate 
15. 

The structure of the plate 15 of the invention aims to 
improve the forming rate of the surface texture 2 by promoting 

20 the generation of residues to be used as a mask for etching that 
is needed when the surface texture 2 is formed on the silicon 
substrate 1. However, there is a large side effect that the 
surface texture 2 of the silicon substrate 1 is formed 
homogeneously on the surface of the silicon substrate 1. This 

25 is particularly advantageous when the area of a substrate is 
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large . 

<Structure 2 of Plate> 

Fig . 9 is a cross section showing one example of a structure 
of a dry etching apparatus provided with a plate 15 of the invention . 
5 Referring to Fig. 9, numeral 1 denotes a silicon substrate, 
numeral 9 denotes an RF electrode, numeral 12 denotes an RF power 
supply, numeral 14 denotes a chamber, numeral 24 denotes a tray, 
numeral 15 denotes a plate, numeral 17 denotes an attachment 
member, numeral 23 denotes an insulator that electrically 

10 isolates a chamber wall 18 from the RF electrode 9. 

The plate 15, provided with a number of opening portions 
19, is placed to cover the silicon substrate 1 from above. The 
plate 15 maintains a certain distance from the silicon substrate 
1 by using the attachment member 17 as a spacer. It is thus 

15 possible to trap residues to be used as a mask when the silicon 
substrate 1 is etched in a space between the plate 15 and the 
substrate 1, which in turn makes it possible to promote the 
generation of textures on the silicon substrate 1. When the 
texture forming rate is improved, the homogeneity of etching 

20 in a batch is improved, too, and the number of substrates to 
be processed at a time can be increased. 

According to this method, however, the etching residues 
attach not only to the surface of the silicon substrate 1, but 
also to the plate 15 provided over the substrate 1 , on the surface 

25 opposing the substrate 1, at the same time. 
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In the invention, the plate 15 is dry-cleaned inside the 
dry etching apparatus to remove such etching residues . In other 
words, a gas is introduced while the silicon substrate 1 is not 
transported in the chamber 14, and plasma is generated by 
5 introducingRFpower from the RFelectrode 9 to excite andactivate 
ions and radicals, which act on the surface of the plate 15 and 
thereby remove the etching residues attaching thereto. 

In this instance, it is preferable to structure the plate 
15 in such a manner that it is removed from the attachment member 
10 17, and re-attached inversely . When structured in this manner, 
the surface of the plate 15 onto which the etching residues are 
attaching can be cleaned while being placed oppositely to the 
anode 18. A cleaning speed of the etching residues can be thus 
improved. 

15 Further, it is preferable that the surface and the back 

surface of the plate 15 are of substantially the same shape. 
When arranged in this manner, either the surface or the back 
surface of the plate 15 can be used. The plate 15 can be thus 
used repetitively while being reversed. 

20 A reversing method will now be described in detail with 

reference to Fig. 9. Assume that a plane A is the surface of 
the plate 15 opposing the silicon substrate 1, and a plane B 
is the surface on the opposite side. Then, when the surface 
of the silicon substrate 1 is textured by forming the textures 

25 thereon, residues attach to the plane A of the plate 15. Then, 
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by reversing the surface and the back surface of the plate 15 
so that the plane B opposes the silicon substrate 1, there will 
occur no problem that the residues drop on the silicon substrate 
1 because the residues have not attached to the plane B from 
5 the start. Further, the plane A opposing the anode 18 in this 
instance is exposed to an etching gas andplasma, and the residues 
attaching to the surface of the plane A are therefore etched 
by the action of the etching gas andplasma . In short, the surface 
texturing of the silicon substrate 1 and the cleaning of the 

10 plate 15 can be performed concurrently, and the plate 15 can 
be used repetitively while being reversed. 

While the embodiments of the invention have been described, 
the invention is not limited to the embodiments above. For 
example, a holding method of the plate 15isnot especially limited 

15 as long as a certain distance can be secured from the substrate 
1. Also, an explanation was given to the apparatus of a lateral 
parallel plate type; however, the invention is not limited to 
this structure. Also, an explanation was given to the bulk 
silicon solar cell as an example of the substrate to be etched; 

20 however, the invention can be applied to an amorphous silicon 
solar cell, a thin-film solar cell , etc. Further, applications 
of the invention are not limited to a silicon substrate or the 
substrate in a solar cell, and the invention can be also applied 
to a substrate made of any of glass, metal, plastic, and resin. 
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